Abstract. In the following study, we investigate the effects of static magnetic field (SMF) (128 mT, 1 h/day during 5 or 15 consecutive days) on anthropometric parameters, glucose and lipid metabolism in rats. Exposure to SMF during 5 days induced a decrease (-8%, p < 0.05) in relative liver weight and serum insulin concentration (-56%, p < 0.001), while blood glucose level was increased (+10%, p < 0.001). By contrast, the same treatment failed to alter body weight, relative kidney weight and levels of lactate, cholesterol, triglycerides and phospholipids. Exposure to SMF during 15 days induced a decrease (-15 %, p < 0.001) in body weight, liver weight (-15 %, p < 0.05), insulin concentration (-63%, p < 0.001), plasmatic lactate level (-55%, p < 0.05) and increased glucose (+24%, p < 0.001), cholesterol (+30%, p < 0.01,) and phospholipids levels (+58%, p < 0.001), whereas, triglycerides decreased (-28%, p < 0.001). These results showed that SMF effects on glucose and lipid metabolism are time-dependent.
Introduction
Despite the increasing number of studies on static magnetic field (SMF) effects, data reported in literature are quite heterogeneous in terms of SMF intensity and time of exposure.
Biochemical studies have evaluated the effects of electric fields and SMF on the metabolism of cell cultures, animals, and humans (Stuchly et al. 1986; Kowalczuk et al. 1991) . SMFs can penetrate in biological tissues freely and can interact directly with moving charges and magnetic materials found in tissues through several physical mechanisms (WHO, 2006) .
The exposure of rats to 9.4 T SMF for 10 weeks had no effect on spatial memory, food, water consumption, body weight, and biochemical parameters (High et al. 2000) . By contrast, the exposure of mice to 5 T for 48 hours suppresses eating and drinking behaviour and increases the blood urea nitrogen and creatinine concentrations (Tsuji et al. 1996) . Chater et al. (2006 a) demonstrated that exposure of pregnant rats during 13 days failed to alter body weight and triglycerides concentrations. Moreover, exposure to SMF increased blood glucose and decreased insulin release, leading to a diabetic-like state in pregnant rats (Chater et al. 2006a ). In addition, High et al. (2000) showed that under SMF (4.9 T, during 10 weeks) body weight and biochemical parameters remained unchanged.
SMF is known to be strongly lipolytic and glycogenolytic in rats, inducing an increase in blood glucagon, cortisol, and thyroxin levels (Gorczynska et al. 1989; Chernysheva et al. 1990 ). Abdelmelek et al. (2006) demonstrated that SMF exert a controlling influence on sympathetic nervous system activity and Heat Shoc Protein 72 (HSP 72) in rats. Moreover, sub-acute exposure to SMF (128 mT, 1 h/day during 13 days) enhances apoptosis and stimulates biosynthesis of plasma corticosterone and metallothionein activities in female rats (Chater et al. 2004 ). In part, the mechanism for this stress response by SMF is believed to be related to oxidative stress (Khadir et al. 1999; Kula et al. 2000; Simko et al. 2001; Chater et al. 2006a; Amara et al. 2007 ).
The present study attempt to exhibit the time-dependent effect of SMFs (128 mT, 1 h/day) on metabolism to test whether the time of exposure can disrupt glucose and lipid metabolism in rats.
Materials and Methods

Animals
Adult Wistar male rats (SIPHAT, Tunisia), weighing 100-150 g were randomly divided into control (n = 6) and SMF-exposed rats (n = 6). Animals were housed in group of six in cages at 25°C with the relative humidity of 80%, under a 12 : 12 h light/dark cycle, with free access to water and commercial wash (Company Almes, Mateur, Tunisia). Animals were cared for, under the Tunisian code of practice for the Care and Use of Animals for Scientific Purposes. The experimental protocols were approved by the Faculty Ethics Committee (Faculté des Sciences de Bizerte, Tunisia).
Exposure System
We used Lake Shore electromagnets (EM4-HV, Magnet Power supply Model 647, Lake Shore Cryotronic, Westerville, USA) with an air gap of 15 cm. This apparatus incorporates water cools coils and precision yokes that assure precise cap alignment and excellent field stability and uniformity when high power is required to achieve the maximum field capability for the electromagnet. SMF intensity was measured and standardized over the total floor area of the Plexiglas cage at 128 mT. The cage is 20 cm long, 10 cm wide and 20 cm high. The two bobbins of the Lake Shore System were separated by 12 cm gap.
Treatment
Male rats were exposed to the SMF for 1 h/day (between 9-12 h) during 5 and 15 consecutive days. The cage in the Lake Shore System contained two rats for each exposure. The control rats were placed in the same conditions without applying the SMF.
Procedure
Exposed and sham group were sacrificed. Blood samples were immediately collected in heparinized chilled tubes and centrifuged. Aliquots of plasma were frozen and stored at -80°C until use.
Body, liver and kidney weight
Each rat was weighed with a triple beam balance with 0.1-gram readability on a daily basis between 9 and 10 a.m. During the weight measurement the cages were cleaned, the straw renewed, and sufficient amounts of water and rat food were replenished every day. Animals were sacrificed and the liver and kidney were immediately removed and weighed, then the organs weight ratio was calculated. The relative weight was calculated as g/100 g body weight.
Blood tests
Plasma glucose and triglyceride levels were determined from standard curves generated at the same time using enzymatic methods and following the manufacturer's instructions (Sigma 510, and serum Triglycerides Determination Kit TR0100, Sigma, France). The blood glucose level was measured by a glucometer (Accu-Chek active Roche, Schwitzerland). The colorimetric enzymatic test CHOD-PAP (Biomaghreb, Tunisia) was used for cholesterol quantification using internal standard according to the manufacturer's instructions. Insulin concentration was determined from a standard curve generated using an ELISA assay (Mercodia Ultrasensitive Insulin ELISA, USA). The colorimetric enzymatic test (Laclacl Lactate Plasma LCR Kit, Roche) was used for lactate quantification using enzymatic methods and following the manufacturer's instructions and plasmatic phospholipids were analysed following the method developed by Shibuya et al. (1967) using a standard curve.
Data presentation and statistical analysis
Data are reported as the mean ± SEM. Differences between means were evaluated by one-way analysis of variance (ANOVA). Statistical significance of the differences between means was assessed by Student's t-test.
Results
SMF exposure (128 mT, 1 h/day) during 5 consecutive days failed to alter rat body weights (140.45 ± 3.83 vs. 143.03 ± 4.65, p > 0.05) (Fig. 1) , while treatment during 15 days decreased body weight (206.30 ± 8.40 vs. 244.40 ± 21.40 , p < 0.001) ( Table 1 ). Relative liver weight decreased in SMF exposed rats during 5 (4.06 ± 0.06 vs. 4.39 ± 0.10, p < 0.05) or 15 days (3.02 ± 0.05 vs. 3.47 ± 0.15, p < 0.05) (Fig. 2) . In contrast, relative kidney weight remained unchanged (Fig. 3) . SMF-exposed rats presented higher glycaemia than sham control animals after 5 days (101.40 ± 2.22 vs. 91.80 ± 2.16 mg/ dl, p < 0.001), or 15 days (205.60 ± 5.90 vs. 166.00 ± 4.20 mg/ dl, p < 0.001) (Fig. 5) . The increase of glycaemia is associated with a lower insulinemia in 5 days (0.93 ± 0.09 vs. 2.12 ± 0.34, p < 0.001) or 15 days (1.73 ± 0.48 vs. 4.68 ± 0.15 ng/dl, p < 0. 001) treated rats (Fig. 4) . In SMF exposure rats during 15 days, we observed an enhancement in lactate (3.20 ± 0.45 vs. 1.45 ± 0.14 mM, p < 0.001) (Fig. 6) , cholesterol (1.26 ± 0.06 vs. 0.97 ± 0.04 g/l, p < 0.01), phospholipids levels (1.64 ± 0.14 vs. 1.04 ± 0.04 mg/ml, p < 0.001) ( Table 2 ) and a decrease in triglycerides (47.40 ± 8.69 vs. 66.06 ± 11.00 mg/dl, p < 0.001). Exposed group during 5 days failed to alter plasmatic lactate level and these metabolic parameters.
Discussion
In the present study, we showed that duration of exposure to SMF produced alteration in body weight and metabolic parameters in rat. We found that exposure to SMF during 5 days (128 mT, 1 h/day) did not affect rat body weight as previously reported by Chater et al. (2006) (128 mT, 1 h/day during 13 days). In accordance with previous data (Wilson et al. 1999; WHO 2006) , the prolongations of exposure for 15 days affect body weight (-15%). This effect could be explained by changes in eating habits or metabolic changes (Sandrey et al. 1999 (Sandrey et al. , 2002 . The decrease of body weight might be also due to the decrease in body fluid and protein content or other factors including hormonal changes (Hashish et al. 2008) . Besides, the present investigation showed that exposure to SMF for 5 or 15 days produced relative liver weight loss. This result can be explained by a possible stimulation of glycogenolyse by hypersympathetic activity induced by SMF in rats (Abdelmelek et al. 2006) .
Because the SMF effects on body weight and relative liver weight and possible stimulation in glycogenolyse and hormo- nal changes, we tried to investigate the glucose metabolism following SMF exposition.
Our data demonstrated that SMF exposition (128 mT, 1 hour) during 5 or 15 consecutive days elevated blood glucose level and the effect is time-dependent. Hyperglycaemia may be attributed to the release of the hyperglycaemic hormone (glucagon) and/or the inhibition of the hypoglycaemic hormone (insulin) as previously shown by Gorczynska (1989) . Our findings are supported by the report of Chater et al. (2006a,b) , St. Pierre et al. (2008) and Tsuji et al. (1996) . Other findings showed that blood glucose level was not affected (Sutter et al. 1987; Harakawa et al. 2005; Mehrshad et al. 2007 ), or decreased (Gorczynska et al. 1989; Laitl-Kobierska et al. 2002; Sakurai et al. 2005) after SMF exposition. We can hypothesize this difference in results by the different strength and/or the duration of exposition to the magnetic field.
In rats exposed during 5 days, the increase in glucose plasma was accompanied with a normal serum lactate level. Normal lactate level in this group can be owed to the fact that lactate production in muscle was exchanged between diverse cells and tissues, including astrocytes and neurons (Amara et al. 2007 ). Nonetheless, under SMF, rats exposed during 15 days displayed an increase in lactate concentration. This increase of lactate can be the sign of hypoxia state, as suggested by several authors (Bicego et al. 2002; Gargaglioni et al. 2003) .
The alteration in glucose metabolism is associated to a great decrease in plasmatic insulin concentration observed in both groups. This result is supported by previous data (Hayek et al. 1984; Sakurai et al. 2005; Chater et al. 2006a ). Miyakoshi et al. (2006) using a system for exposure of cultured cell (ELF 60 Hz, 5 mT, 1 h), showed also a significant decrease in insulin release. The low level of insulin may be result from sympathetic hyperactivity induced by SMF (Abdelmelek et al. 2006) .
Under SMF, and following 5 days of exposure, triglycerides, cholesterol and phospholipids levels remain unchanged. The fact that serum triglycerides concentrations were not affected by SMF exposure suggests that lipid metabolism is insensitive to SMF acute exposure (Chater et al. 2006b ). Our result is in disagreement with data reported by Bellossi et al. (1996) showing that SMF exposure (6 mT, 24 h) induced a decrease in plasma cholesterol and triglycerides concentrations. However, plasma cholesterol and phospholipids contents increased, whereas triglycerides decreased when the treatment was prolonged for 15 days. An excess of circulating lipids is often associated with glucose metabolism deregulation (Boden and Shulman 2002; Savage et al. 2007 ).
Finally, increase in cholesterol and phospholipids levels may be related in part to alteration in membrane integrity (Grynberg et al. 2007 ) caused by SMF exposition. Triglycerides (mg/dl) 66.06 ± 11.00 58.00 ± 10.40 47.40 ± 8.69*** Cholesterol (g/l) 0.97 ± 0.04 0.67 ± 0.04 1.26 ± 0.06** Phospholipids (mg/ml) 1.04 ± 0.04 0.63 ± 0.13 1.64 ± 0.14***
Values are means ± SEM of six determinations. ** p < 0.01, *** p < 0.001 compared to control (ANOVA). C, control; SMF, static magnetic field. 
Conclusion
In conclusion, we demonstrated that the effects of SMF are closely dependent on the duration of exposure. The short-time exposition to SMF induces alteration in glucose metabolism, but long-time exposition alters both glucose metabolism and lipid metabolism.
